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Uses  may  include  transducer  windows,  sonar  domes,  sound  reflectors,  and 
linings  for  test  tanks.  Most  of  the  experimental  data  available  in  the 
literatwe  are  for  normal  Incidence  of  a plane  wave  on  the  material. 

However,  in  some  applications  it  is  desirable  to  know  the  acoustic  properties 
of  a material  for  ajigles  of  incidence  other  than  normal.  For  these  reasons 
a test  system  was  devised  to  experimentally  determine  the  acoustic  properties 
of  materials  over  a wide  range  of  incident  angles.  Theoretically,  the  most 
straightforward  approach  to  the  case  of  arbitrary  incidence  is  found  in 
Brekhovskikh.  The  expressions  for  transmission  and  reflection  coefficients 


will  be  used  to  compare  theory  and  experiment.  Hence  it  is  the  purpose  of 


1. 


this  paper  to  experimentally  determine  these  coefficients  for  Absonic-A, 
Plexiglas,  Soab,  Polyethylene,  and  Fiberglass  for  frequencies  ranging  from 
100-500  kc,  canpare  the  results  with  theory,  and  then  examine  their  usefulness 
in  underwater  sound  applications  based  upon  these  results. 
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THEORETICAL 

Brekhovskikh’s  theory  presents  the  case  of  transmitting  infinite  plane 
waves  through  an  arbitrary  number  of  solid  layers.  It  makes  allowance  for 
arbitr8u:y  Incident  angles  and  reflections  at  boundaries.  A brief  rather 
than  complete  development  of  the  theory  will  be  presented  here. 

The  coordinate  system  used  in  the  development  is  shown  in  SLIDE  1. 

P.  is  the  incident  wave,  P the  reflected  wave,  and  P the  transmitted 
wave.  The  potential  functions  of  longitudinal  and  transverse  waves  in  the 
nth  solid  layer  resulting  from  a plane  wave  incident  in  medivnn  n + 1 can 
be  written  as: 


Here 


a = - c^)  = k^  COB  0^ 


(i.e«,  a is  the  z>component  of  the  wave  vector  for  the  longitudinal  wave). 


(p  represents  the  z-component  of  the  wave  vector  for  the  shear  wave),  said 


(,=  sin  =.  sin  Bln 


(<T  represents  the  x>ccmponent  of  the  wave  vector  for  both  waves).  The 
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magnitude  of  the  incident  longitudinal  vave  is  4*  and  4"  is  the  magnitude 
of  the  reflected  vave.  The  s^bols  t|f*  and  V'  represent  similar  magnitudes 
for  the  shear  vave. 

In  order  to  ejcpress  the  pressure  amplitude  in  one  medium  in  terms  of 
that  in  another,  relationships  must  he  obtained  for  the  particle  velocities 
end  stress  components  in  each  medium.  After  these  relationships  have  been 
obtained,  the  transmission  and  reflection  coefficients  are  easily  found. 

If  it  is  assumed  that  medium  n -t-  1 and  1 eire  liquids  as  in  this  e^qierlment, 
the  transmission  and  reflection  coefficients  enre  defined  as: 


and  T = 


^ II I 

p"  , 

^n+l 


The  final  e3q)resslons  for  these  quantities  are 


vhere 


M(zj^  + Zj)  + i (R^  - 1^)  z^  + z. 


M(z^  - Zj)  + i[(K^  - M^)  z^  - Zj] 


M(Zj^  + z,)  + i[(N^  - M^)  z^  + z. 


p ®p+  p 

M « -=  cos  2Yo  cot  P + ~ sln*^  2Yo  cot  Q , 

Zi  2 Zi  2 


4 


“ sin  P sin  Q * 


= pj^c^/cos  -♦  acoustic  Impedance  , 

P = -O^D  = -l^D  cos  0g  and  Q = -p^D  = -KD  cos  Yg 


Absorption  Is  Included  In  “tiiese  expressions  by  making  the  vave  number 
complex^  l.e., 


k = + lA 


vhere 


k = — 

V c. 


-*  phase  velocity  of  propagation 


The  longitudinal  velocity  may  be  -written  as 


C - 2 - . - - e’ 


V = tan 


-1  A 


Hence  the  acoustic  Irpedance  will  be  complex  since 
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Snell's  Lav  Is  used  to  relate  the  angles 

’‘ntl  W = '=11  = '=n  \ • 

The  preceding  expressions  were  programmed  for  the  Control  Data  l6o4 
Con^uter.  The  transmission  and  reflection  coefficients  were  computed  as 
the  grazing  angle  (the  angle  a perpendicular  with  wavefront  makes  with 
the  interface)  is  varied  from  zero  to  90°  in  l/2°  increments.  Die  longi- 
tudinal and  shear  absorption  was  varied  until  the  best  agreement  between 
theoretical  and  experimental  curves  was  obtained. 

EXPERD4ENTAL 


Slide  4 

The  measurements  were  made  in  a laboratory  tank  which  measures  8 ft  in 
diameter  and  7 ft  in  depth.  A pulsed  technique  was  used  to  avoid  multiple 
reflections  in  the  tank.  A mechanical  positioning  system  afforded  close 
control  of  the  x,  y,  and  z coordinates.  The  transducer  positions  were 
controlled  to  within  6 mils  horizontally,  10  mils  vertically,  and  ,1°  in 
tut.  The  dynamic  resixjnse  of  the  system  was  60  dB  and  a ccxnplete  set  of 
readings  could  be  repeated  within  1 dB.  The  area  Insonlfied  by  the  half 
power  beamwidths  was  an  ellipse  whose  major  axis  rarely  exceeded  1,5  ft. 

By  choosing  materials  whose  dimensions  were  at  least  twice  this  length, 
the  portions  of  the  wave  not  striking  the  material  were  quite  small  in  ampli 
tude.  Care  was  taken  to  keep  the  hydrophone  and  material  in  the  farfield  of 
the  projector.  The  e:q>resslon  D^/\  was  used  to  determine  distance  to  the 
farfield  where  D is  the  diameter  of  the  transducers  and  \ is  the  wavelength 


of  the  pressure  wave 


COMPARISON  OF  EXPESIIMENEAL  AND  THEORETICAL 


Slides  5 and.  6 

Experimental  measurements  were  made  on  ALsonic-A,  Plexiglas,  Fiberglass, 
Polyethi^ene  Oow-density) , and  Scab.  The  comparison  between  theoretical 
and  experimental  values  shown  here  is  for  l/k  in.  Absonic-A  at  500  kc. 

The  parameter  values  need  some  explanation.  The  value  for  velocity  of 
so\md  in  water  was  taken  from  a temperattrre -velocity  ciurve  for  fresh  water 
after  the  temperature  was  measured.  The  longitudinal  velocity  is  measured, 
but  the  sheeir  velocity  is  a book  value.  Varying  the  longitudinal  and 
shear  absorptions  enabled  one  to  obtain  good  agreement  between  e:qperlmental 
and  theoretical  cxirves.  By  varying  other  parameters  slightly,  even  better 
agreement  could  be  obtained.  However,  it  was  felt  to  be  unnecessary  since 
typical  values  were  used  throughout  the  calculations. 

COMPARISON  BETWEEN  MATERIAIS 

For  the  materials  used  in  this  experiment,  certain  conclusions  can  be 
reached  concerning  their  tiseftilness  in  underwater  sound  applications. 

Slide  7 is  a comparison  between  Absonic-A  and  Plexiglas  at  2J0  kc.  Absonic-A 
has  a slightly  better  transmission  characteristic  at  normal  incidence  indi- 
cating it  would  be  the  better  choice  for  a transducer  window  material.  Its 
use  as  a sonar  dome  would  be  preferred  also  since  it  has  acceptable  trans- 
mission characteristics  over  a wider  range  of  grazing  angles. 


Slide  8 indicates  that  Polyethylene  Oow-density)  has  transmission 
properties  similar  to  Absonlc-A.  However,  Absonlc-A  mi^t  he  preferred 
in  applications  where  structural  rigidity  is  Ir^ortant.  Slide  8 also 
Illustrates  why  Soab  is  often  used  as  a sound  absorber.  This  is  shown 
even  more  clearly  on  Slide  9*  The  absorptive  loss  in  the  Soab  has 
increased  greatly,  indicating  that  the  absorption  is  frequency  dependent. 

Fiberglass  is  often  used  in  sonar  domes  because  of  its  structural  advan- 
tages. Slide  10  indicates  that  it  is  acoustically  acceptable  over  a certain 
range  of  Incident  angles. 

CONCLUSIONS 

Ejcperimental  verification  of  the  theoretical  e;<pres8ions  indicates  that 
theory  may  be  used  to  predict  transmission  and  reflection  coefficients  quite 
accurately.  By  combining  experimental  data  with  theory,  the  absorption  5 

properties  of  each  material  can  be  predicted.  Determination  of  these  | 

properties  then  alloys  one  to  Judge  its  usefulness  in  underwater  sound  I 

applications. 
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